INTRODUCTION
The International Commission on Radiological Protection (ICRP) has recently recommended that (1) ionising radiation doses of external and internal exposures should be assessed using voxel phantoms made from medical tomographic images. Previously, the ICRP recommended mathematical phantoms, e.g. the Medical Internal Radiation Dose phantom, for such assessments (2) . Besides, the International Atomic Energy Agency (IAEA) has published data on the Reference Asian Man (3) to account for the regional data differences.
In the present study, an anthropomorphic voxel phantom of the Reference Taiwanese Adult was constructed from analyses of computed tomography (CT) images. Thirty representative individuals were first screened from a group of normal adult patients in the hospital using criteria of 19.6 -25.6 (males) and 18.8 -27.0 (females) for the body mass index (BMI), i.e. the ratio of body weight (kg) to height squared (m 2 ), and 163 -175 cm (males) and 152-162 cm (females) for the body height. A Reference Taiwanese Adult was then determined from these individuals by comparing their organ parameters derived from their CT images. Organ parameters analysed include the volume, surface area, major and minor axes, mean chord length, distance between organ and body centre of masses and angles with respect to different body axes. Several organs in the trunk region with significant ICRP tissue weighting factors were analysed. The 3D-DOCTOR software (4) was used to supplement the manual analyses by the computer-aided automatic image analyses.
When a measured parameter was found within one standard deviation from the average value of all the evaluated individuals, a score of one point was assigned to the individual. The total scores collected by each individual were calculated using several weighting procedures. The person with the highest total score was designated as the Reference Taiwanese Adult. A voxelised phantom of the Reference Taiwanese Adult was then reconstructed using CT image data and the CT-to-material classification scheme (5) . Based on the voxelised Reference Taiwanese Adult phantom, internal and external dosimetry data can be calculated by the Monte Carlo method. including sphere, slab, elliptical cylinder and truncated elliptical cone, for organs and tissues of the body. More recently, voxel phantoms were built from medical images such as CT and magnetic resonance imaging. With millions of small volume elements made from real anatomical data, voxel phantoms are more accurate in dose calculations using the Monte Carlo method.
MATERIALS AND METHODS

Assessment
In the determination of the reference individual, so far considerations seemed entirely based on the data for body height and weight of the population (6 -8) . This determination was oversimplified since anatomical data of organs and tissues are important in the dose calculations. In the present work, the determination of Reference Taiwanese Adult was made in two steps. The first involved the screening of a sizable sample from normal patients based on their height and weight. According to the Health Statistics Database of Taiwan Department of Health, the BMI of adults was, within one standard deviation, 19.6 -25.6 for males and 18.8 -27.0 for females. The corresponding range of height was 163-175 cm for males and 152-162 cm for females. Adopting these ranges as the criteria, 30 representative adult individuals were selected from a population of normal patients in the participating hospital. The second step involved the evaluation of these representative individuals for their anatomical data of selected organs and tissues using CT images. Organs in the trunk region with specific outlines, including liver, stomach, bladder, gallbladder, kidney and spleen were analysed. Organ parameters analysed included the volume, surface area, major and minor axes, mean chord length, distance between organ and body centre of masses, and angles with respect to different body axes. The mean chord VOXEL PHANTOM FOR REFERENCE TAIWANESE ADULT length was calculated using the Cauchy formula (9) ,L.¼4V/A, where V and A are the volume and surface area. Other parameters were obtained using the 3D-DOCTOR software (4) of computer-aided automatic image analyses. The 3D-DOCTOR performed segmentations by the threshold, interactive and manual methods. The same segmentation was applied to different parameters of an organ under optimised window level and window width.
When a measured parameter fell within one standard deviation from the average value of all evaluated individuals, a score of one point was assigned to the individual. The total scores collected by each individual were calculated using several weighting procedures considering the difference in the number of evaluated parameters and in the tissue weighting factor. The person with the highest total score was designated as the Reference Taiwanese Adult. A voxelised phantom of the Reference Taiwanese Adult was then reconstructed using CT data and the CT-to-material classification scheme (5) . Based on the voxelised Reference Taiwanese Adult phantom, internal and external dosimetry data can be calculated by the Monte Carlo method.
RESULTS AND DISCUSSION
In organ parameter analyses, the choice of CT image slice thickness affects the computing time and accuracy. To optimise the computations, CT images of resolution 0.65Â0.65Â5 mm 3 were adopted. With this resolution, the difference in calculated organ volumes was ,1 % compared with that using 0.65Â0.65Â1 mm 3 for all organs analysed. Figure 1 plots the distribution of organ parameters for liver. The histograms show analysed results for all 30 representative adults. The solid curves are the fitting data based on the Gaussian distribution. Since p-values of the normality test (labelled in the figure) were .0.05, Gaussian distributions worked quite well for all parameters. A similar plot of organ parameters for the right kidney is shown in Figure 2 . Again, Gaussian distributions worked well for all parameters.
The number of parameters analysed for each organ is 6, 5, 8, 3, 6 and 5 for liver, spleen, kidney, stomach, gallbladder and bladder. Therefore, the maximum total score is 33 if an individual has all measured parameters within one standard deviation from the average values of the Gaussian distributions. From the distribution of the total score for all 30 representative adults, it is found that the highest score is 30 belonging to Patient #19.
Since the number of parameters for each organ is not the same, it is more meaningful to normalise the total score of each organ to one. This makes the maximum total score equal to 6 after normalisation. From the distribution of the normalised total score for all 30 representative adults, it is indicated that the highest score is 5.62 belonging also to Patient #19.
ICRP has assigned a tissue weighting factor to each organ in order to assess the health detriment of stochastic effects. Since the tissue weighting factor indicates the relative importance of an organ, it is instructive to weight the normalised score of the organ by its tissue weighting factor. According to ICRP Publication 103 (1) , the tissue weighting factor is 0.12, 0.04, 0.04, 0.00857, 0.00857 and 0.00857 for stomach, bladder, liver, gallbladder, kidney and spleen, respectively. Thus, the maximum total score, i.e. the sum of these tissue weighting factors, is 0.2257. The distribution of the weighted total score for all 30 representative adults is plotted in Figure 3 . It is now seen that the highest score is 0.2172 belonging again to Patient #19. A voxelised phantom of the Reference Taiwanese Adult was reconstructed using CT image data. This phantom could be used to calculate radiation dose by the Monte Carlo method. Since Monte Carlo algorithms perform particle transport in the phantom of reconstructed material densities and atomic compositions, a scheme to classify the human body into four or five tissue categories can be adopted (5) .
CONCLUSIONS
A reference individual for use in radiation protection dosimetry calculations has been determined from analyses of organ parameters for a group of representative individuals. In the present work, this determination of the Reference Taiwanese Adult was based on analyses of parameters characterising the size, shape, position and orientation for several organs from 30 representative adults. Work is in progress to include more organs and tissues in the analyses and to construct gender-dependent Reference Taiwanese Adult.
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